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COUMARINS TO INHIBIT REVERSE TRANSCRTPTA S E IN HUMANS 
Field of fchp Tr.^r^T,^^»r, 

This invention is a novel treatment of patients infected with a 
human immunodeficiency virus. 
* Background of the Tnv«.n^^nr^ 

The compounds used to practice, the method claimed in this inven- 
tion are known; however, none of the compounds are known to be useful 
to treat humans infected with human immunodeficiency virus or strains 
thereof. 

An estimated one to one and one -half million people in the 
United States are infected with a human retrovirus, the human immuno- 
deficiency virus type I. HIV-1, which is the etiological agent of 
acquired immunodeficiency syndrome, "$2.Billion Program Urged for 
AIDS", Norman, C. Science, Vol. 234, pages 661-662 (1986). Of those 
infected, an estimated two hundred and fifty thousands people will 
develop AIDS in the next five years, "The Epidemiology of AIDS: 
Current Status and Future Prospects", Curran, J.W. , et al. , Science, 
Vol. 229. No. 4720, pages 1352-1357 (1985). On March 20, 1987, the 
FDA approved the use of the compound, zidovudine (AZT) , to treat AIDS 
patients with a recent initial episode of Pneumocystis carinii 
pneumonia, AIDS patients with conditions other than Pneumocystis 
carinii pneumonia or patients infected with the virus with an abso- 
lute CD4 lymphocyte count of less than 200/mm3 in the peripheral 
blood. AZT is a known inhibitor of viral reverse transcriptase, an 
enzyme necessary for human immunodeficiency virus replication. 

It is known in the art that certain antibiotics and polyanionic 
dyes inhibit retrovirus reverse transcriptase. None of the compounds 
claimed in this invention were known to specifically inhibit human 
immunodeficiency virus reverse transcriptase. 
Summary of the TnwT,^f»T^ 

This invention is a method for treating a human infected with 
one or more than one strain of a human immttnodef iciency virus which 
comprises administering an effective amount of a compound selected 
from the group consisting of 6-bromo-3- [ (m-chlorophenyl)carbamoyl] - 
coumar in , 6 -bromo - 3 - [ (a , a , a - tr if luoro -m - toluyl ) carbamoyl ] - coumarin , 
6-bromo-3- [ (2 , 5-dichlorophenyl)carbamoyl] -coumarin, [ [bis(4-hydroxy- 
2-oxo.2H-l-benzopyran-3-yl)-methyl]cyclopentadienyl]cyclopentadienyl- 
iron, 3-cinnamoyl-4-hydroxy.coumarin, hexachlorocoumarin, 7-acetoxy- 
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coumarin or [l-(2-oxo-2H-l-benzopyran-3-yl)ethylidene] -hydrazinecar- 
boxylic acid phenylmethyl ester or pharmaceutically acceptable salts 
thereof, to the infected human. 
Detailed Description of the TnvA^^^np 

In this document, the term hiunan immunodeficiency virus means 
human immunodeficiency virus t^e I, hximan immunodeficiency virus 
type II, or strains, apparent to one skilled in the art, which belong 
to the same viral family and which create similar physiological 
effects in humans as human immunodeficiency virus types I or II. 

The structural formulas, if known, of each of the compounds used 
to practice the method claimed in this invention are given in the 
structure chairts. The following compounds; 6-bromo-3- [ (m-chloro- 
phenyDcarbamoyl] -coumarin, 6-bromo-3- [ (a.a,a-trifluoro-m- toluyl) - 
carbamoyl ] - coumarin , and 6 -bromo- 3 - [ ( 2 , 5 - dichlorophenyl ) carbamoyl ] - 
coumarin, were obtained commercially. The preparation of the com- 
pound, 3-cinnamoyl-4-hydroxy-coumarin, is described in "Zur Chemie 
des 4-Hydroxy-c\imarins", Monatshefte fur chemi, Vol. 87, pages 439- 
446 (1956). The preparation of the compound, 7-acetoxyco\imarin, is 
described in Chem. Ber. , Vol. 12, pages 993-999 (1879). The com- 
pound, hexachlorocoumarin, is prepared when chlorine is bubbled into 
an ethanolic solution of coumarin in the presence of light. When 
there is no longer any detectable presence of the starting material 
in solution, the solvent is removed and the mixture of polychlori- 
nated products is separated by chromatography. The compound, [[bis- 
(4-hydroxy- 2-OXO-2H- l-benzopyran-3-yl) -methyl] cydopentadienyl] cyo- 
lopentadienyl-iron, is prepared by condensing 2.0 equivalents of 
commercially available 4-hydroxycoumarin with 1.5 equivalents of 
commercially available ferrocenecarboxaldehyde in ethanol following 
the general procedures described by Sullivan, et al., JACS, Vol. 65, 
July. December, pages 2288-2291 (1943) "Studies on 4-Hydroxycoumarins. 
II. The Condensation of Aldehydes with Hydroj^coumarins" . The com- 
pound, [l-(2-oxo-2H-l-benzopyran-3-yl)ethylidene] -hydrazinecarboxylic - 
acid phenylmethyl ester, is prepared by condensing commercially 
available 3-acetylcoiunarin with commercially available benzyl carba- 
zate in the presence of glacial acetic acid in absolute methanol. The 
reagents are refluxed, diluted with water, cooled and filtered to 
provide the crystalline compound. 

These compounds or pharmaceutically acceptable salts thereof can 
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be used and administered in practicing the method claimed in this 
invention. Pharmaceutically acceptable salts refers to those salts 
of the compounds claimed in this invention which would be readily 
apparent to a manufacturing pharmaceutical chemist to be equivalent 
5 to the parent compound in properties such as formulation, stability, 
patient acceptance and bioavailability. 

Those skilled in the art would know how to formulate the com- 
pounds used to practice the method claimed in this invention into 
appropriate pharmaceutical dosage forms. Examples of the dosage 
10 forms include oral formulations, such as tablets or capsules, or 
parenteral formulations, such as sterile solutions. 

When the compounds used to practice the method claimed in this 
invention are administered orally, an effective amount is from about 
1 to 100 mg per kg per day. A tjnpical unit dose for a 70 kg human 
15 would be from about 200 mg to 1000 mg taken one to four times per 
day. Either solid or fluid dosage forms can be prepared for oral 
administration. Solid compositions are prepared by mixing the com- 
pounds used to practice the method claimed in this invention with 
conventional ingredients such as talc, magnesium stearate, dicalciiam 
20 phosphate, magnesium aluminum silicate, calcium sulfate, starch, lac- 
tose, acacia, methyl cellulose, or functionally similar pharmaceuti- 
cal diluents and carriers. Capsules are prepared by mixing the com- 
pounds used to practice the method claimed in this invention with an 
inert pharmaceutical diluent and placing the mixture into an appro - 
25 priately sized hard gelatin capsule. Soft gelatin capsules are 
prepared by machine encapsulation of a slurry of the compounds used 
to practice the method claimed in this invention with an acceptable 
inert oil such as vegetable oil or light liquid petrolattun. Syrups 
are prepared by dissolving the compounds used to practice the method 
30 claimed in this invention in an aqueous vehicle and adding sugar, 
aromatic flavoring agents and preservatives. Elixirs are prepared 
using a hydroalcoholic vehicle such as ethanol, suitable sweeteners 
such as sugar or saccharin and an aromatic flavoring agent. Suspen- 
sions are prepared with an aqueous vehicle and a suspending agent 
35 such as acacia, tragacanth, or methyl cellulose. 

When the compounds used to practice the method claimed in this 
invention are administered parenterally, it can be given by injection 
or by intravenous infusion. An effective amount is from about 1 to 
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100 mg per kg per day. Parenteral solutions are prepared by dissolv- 
ing the compounds used to practice the method claimed in this inven- 
tion in water and filter sterilizing the solution before placing in a 
suitable sealable vial or ampule. Parenteral suspensions are pre- 
5 pared in substantially the same way except a sterile suspension 
vehicle is used and the compounds used to practice the method claimed 
in this invention are sterilized with ethylene oxide or suitable gas 
before it is suspended in the vehicle. 

The exact route of administration, dose, or frequency of admin- 

10 istration would be readily determined by those skilled in the art and 
is dependant on the age, weight, general physical condition, or other 
clinical symptoms specific to the patient to be treated. 

Patients to be treated would be those individuals: 1) infected 
with one or more than one strain of a human immunodeficiency virus 

15 as determined by the presence of either measurable viral antibody or 
antigen in the servin and 2) having either a symptomatic AIDS defining 
infection such as i) disseminated histoplasmosis, ii) isoporiasis, 
iii) bronchial and pulmonary candidiasis including Pneumocystis 
pneumonia iv) non-Hodgkin' s lymphoma or v) Kaposi's sarcoma and being 

20 less than sixty years old; or having an absolute CD4 lymphocyte count 
of less than 200/mm^ in the peripheral blood. Treatment would con- 
sist of maintaining an inhibitory level of the compounds disclosed 
herein in the patient at all times and would continue until the 
occurrence of a second symptomatic AIDS defining infection indicates 

25 alternate therapy is needed. 

Without further elaboration, those skilled in the art can prac- 
tice the present invention to its fullest extent. The following 
detailed examples further describe how to use the compounds claimed 
in this invention to treat humans infected with one or more than one 

30 strain of a human immunodeficiency virus. These examples are merely 
illustrative and are not limitations of the preceding disclosure. 
Those skilled in the art will promptly recognize appropriate varia- 
tions from the examples. In each example, any compound claimed in 
this invention could replace the compound used in the particular 

35 example. 

Example 1 Hard Gelatin Capsules 

One thousand two-piece hard gelatin capsules for oral use, each 
capsule containing 50 mg of hexachlorocoumarin, are prepared from the 
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following: 

Hexachlorocoumarin 50 gm 

Lactose 100 gm 

Coins tar ch 20 gm 

5 Talc 20 gm 

Magnesium Stearate 2 gm 



The hexachlorocoumarin is added to the other Ingredients, mixed 
and encapsulated in the usual manner. 
Example 2 Tablets 
10 One thousand tablets, each containing 50 mg of hexachlorocouma- 

rin, are prepared from the following: 



Hexachlorocotunarin 50 gm 

Lactose 75 gm 

Cornstarch 50 gm 

15 Magnesium Stearate 4 gm 

Light liquid petrolatum 5 gm 



The hexachlorocoumarin is added to the other ingredients, mixed 
and slugged. The slugs are broken down by forcing through a number 
sixteen screen. The resulting granules are then compressed into 
20 tablets. 

Example 3 Parenteral solution 

A sterile aqueous solution for parenteral intravenous Injection 
containing 150 mg of hexachlorocoiimarin in one liter of solution is 
prepared from the following: 
25 Hexachlorocoiunarin 150 mg 

Water for injection, qs 1000 mg 

The hexachlorocoumarin is sterilized, added to the sterile 
water, filled into sterile containers and sealed. 

The utility of this invention is demonstrated by the ability of 
30 the compotinds used to practice the method claimed in this invention 
to inhibit viral reverse transcriptase, an enzyme essential for human 
immunodeficiency virus replication. This enzyme has characteristics 
which differentiate it from other known cellular polymerases and it 
is a unique enzyme which is not found in uninfected cells. Viral 
35 reverse transcriptase is found in extracts from bacterial clones 
prepared according to the procedure described by Goff, S. P., et al., 
Journal of Virology, Vol. 59, No. 3, pages 743-745 (1986) "Expression 
of Reverse Transcriptase Activity of Human T-lympho tropic Virus T3rpe 
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III (HTLV-III/IAV) in Escherichia coli". Inhibition of this enzyme 
is determined in a cell free assay which measures the level of radio- 
active precursors Incorporated into DNA. Extracts prepared according 
to the procedure of Kleid. D. G., et al. , Science, Vol. 214. No. 
5 4525. pages 1125-1129 (1981) "Cloned Virla Protein Vaccine for Foot- 
and-Mouth Disease: Responses in Cattle and Swine" are incubated in a 
mixture of inhibitor. 20 mtl dithiothreitol . 60 m sodium chloride. 
0.05% NP-40, 10 mH magnesium chloride. 50 mM Tris pH 8.3, 10 /iM 
t 35s ] -labeled deoxynuleoside- 5 '-triphosphate. 10 pg/ml RNA template 

10 (poly rC or poly rA) and 5 |*g/ml DNA primer (oligo dG or oligo dT) 
for 30 minutes at 37* C. Incorporation of radio- labeled precursor is 
determined by spotting aliquots of the reaction mixture on DE81 
paper, washing the papers to remove unincorporated precursor, drying 
and determining counts. Table 1 contains the results of the assay 

15 for the compounds used to practice the method claimed in this inven- 
tion. 
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6-bromo-3- [ (m-chlorophenyl) - 
5 carbamoyl ] - covunarln 

6-bromo-3- [ (o.o.a-trifluoro- 
in- toluy 1 ) carbamoyl ] - coumar in 

10 6-bromo-3- ( (2 , 5-dichlorophenyl) - 
carbamoyl] -coumarin 

[[bis(4-hydroxy.2-oxo-2H-l-benzo. 
pyran- 3 -yl) -methyl ] cyclopentadienyl ] - 
15 cyclopentadienyl -iron 

3 - cinnamoyl -4-hydroxy-coumarin 

hexachlorocovunarin 

20 

[l-(2-oxo-2H-l-benzopyran-3-yl)- 
ethylidenej -hydrazinecarboxylic acid 
phenylmethyl ester 

25 7-acetoxycoumarin 
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0 



6 -bromo - 3 - [ (m- chlorophenyl) - 
carbamoyl] -coumarin 




0 



6-bromo-3- ta,a»a-trifluoro_ 
m-toluyl)carbamoyl] -coumarin 




6 -bromo- 3- [ (2 , 5 -dichlorophenyl) - 
carbamoyl] -coumarin 





Cl Cl 
hexachlorocoumarin 




[l-(2-oxo-2H-l-benzopyran-3-yl)- 
ethylidene] -hydrazinecarboxylic 
acid phenylmethyl ester 



0 




7 - acetoxycoumar in 



[[bis (4 -hydroxy - 2 - oxo - 2H- 1 -benzo - 
pyran-3 -yl) -methyl ] cyclopentadi- 
enyl Jcyclopentadienyl- iron 
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CLAIMS 

1. Use of a compovind selected from the group consisting of 6-bromo- 
3- [ (m-chlorophenyl) carbamoyl] -coumarin, 6-bromo-3- [ (a,a,a-trifluoro- 

5 m- toluyl ) carbamoyl ] - coumarin , 6 -bromo - 3 - [ ( 2 , 5 - dichlorophenyl ) carba- 
moyl] -coumarin, [ [bis(4-hydroxy-2-oxo-2H-l-benzopyran-3-yl) -methyl] - 
cyclopentadienyl ] cyclopentadienyl - iron , 3 - cinnamoyl -4 -hydroxy- cou- 
marin, hexachlorocoumarin, 7-acetoxycoumarin or [1- (2-oxo-2H-l-benzo- 
pyran-3-yl)ethylidene] -hydrazinecarboxylic acid phenylmethyl ester or 
10 a pharmaceutically acceptable salt thereof, to prepare a medicament 
to treat a human infected with one or more strains of a human 
immunodeficiency virus. 

2. A method according to claim 1 where the effective amount of the 
15 compound is from about 1 to 100 mg per kg per day. 

3. A method according to claim 1 where the compound is 6 -bromo- 3- 
[ (m-chlorophenyl) carbamoyl] -coiomarin. 

20 4. A method according to claim 1 where the compound is 6 -bromo- 3- 
{ (a , a , a - tr if luoro -m- toluyl ) carbamoyl } - coumarin . 

5. A method according to claim 1 where the compound is 6-bromo-3- 
t ( 2 , 5 - dichlorophenyl ) carbamoyl ] - coumarin . 

25 

6. A method according to claim 1 where the compound is [[bis(4- 
hydroxy- 2 - oxo - 2H- 1 -benzopyran- 3-yl) -methyl] cyclopentadienyljcyclo- 
pentadienyl - iron . 

30 7. A method according to claim 1 where the compound is 3 -cinnamoyl - 
4 -hydroxy- coumarin . 

8. A method according to claim 1 where the compound is hexachloro- 
coumarin. 

35 

9. A method according to claim 1 where the compound is 7-acetoxy- 
coumarin. 
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10. A method according to claim 1 where the compound is [l-(2-oxo- 
2H-l-benzopyran-3-yl)ethylidene J -hydrazinecarboxylic acid phenyl- 
methyl ester. 
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PCT-Rule 39 l(IV); methods for treatment of the human 
see PCT Rule 39.iuvi, m^ ^^.^^^ ^^^^ surgery or therapy 

as well as diagnostic methods. 



2.\~\ Ctotm numbers... 



. baeautt th.y r.lal. to part* of th. Int.rnatlonal application that do not comply * 
int that no mainlnof ul Intarnational ».« en ?an b. earr lad out. ap^mcaiiy : 



PCT Rul* 8.4(a). 



Vl.g} OBSERVATIONS WHERE UNITY OF IWVEMTIOW l« 



TW» imamatipnal Saarehlng Authority found mulltpl. ln»«ntIoni In 



r« Umaly paid by tha applicant, thia Intarnational aaareh rapott cc 



1. n Aa all raqulrad additional aaareh faaa wi 

ei tha intamaUenal applieatien. 

2. n Aa only aoma of tha raqulrad additional aaareh faaa ware tlmahr paid b» «(># appttMnUhIa In 

theaa eiaima of tha Intamatlonai applleatle 



i NO r«,ul,ad additronal aaareh f... wara tlmaly paid by'tha applicant. Conaaquantly. thIa intarnational aaa^ 
tha inyantlon firat m.ntlon.d In tha etalma: It la eo»arad by eiatm numbara: 

1,7 

A affoft iuatlfylng an additional faa, tha Intarnational 



Remark en Protaat 

□ Th. addiUonal aaareh faaa ware accompanied by appilcanfa protaat 

□ noph 



Form PCT/ISABIO (auppiamentti ahaet (2» (January 1985) 



